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FOREWORD 

This  volume has  been prepared f o r  t h e  Functional I n t e g r a t i o n  Sec t ion ,  
Systems I n t e g r a t i o n  and Operations Branch, Vehicle Systems D i v i s i o n ,  
Propuls ion  and Vehicle Engineering Laboratory,  by t h e  Engineering Communica- 
t i o n s  Department, Chrys le r  Corporation Space Div i s ion ,  under c o n t r a c t  number 
NAS8-4016. 

The following s e r i e s ,  of which t h i s  volume i s  a p a r t ,  f u n c t i o n a l l y  de- 
s c r i b e s  t h e  mechanical and electromechanical systems of Sa turn  I SA-7 space 
v e h i c l e  and Launch Complex 37: 

Volume I. 
Volume 11. 
Volume 111. 
Volume I V .  
Volume V.  
Volume V I .  
Volume V I I .  
Volume V I I I .  
Volume I X .  
Volume X .  
Volume X I .  

RP-1 Fuel System 
LOX System 
LH2 System 
Nitrogen and Helium Storage F a c i l i t y  
Pneumatic D i s t r i b u t i o n  System 
Environmental Control System 
Launch Pad Accessories 
H - 1  Engine and Hydraulic System 
RLlOA-3 Engine and Hydraulic System 
Separation and F l i g h t  Termination Systems 
Supplement: Legend and Composite Schematic 

Each volume con ta ins  mechanical schematics and a l i s t  of app l i cab le  f ind ing  
numbers. 

Volume V I  desc r ibes  those  components t h a t  are a c t i v e  during launch opera- 
t i o n s :  it s p e c i f i c a l l y  excludes maintenance procedures,  checkout procedures, 
and payload s e r v i c i n g .  Only information a v a i l a b l e  by January 1, 1964, has been 
included. 
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1. ENVIRONMENTAL CONTROL SYSTEM 

The environmental c o n t r o l  s y s t e m  (ECS) of Launch Complex 37B supp l i e s  
conditioned a i r  o r  gaseous n i t rogen  (GN2) t o  t h e  launcher  and SA-7 veh ic l e  
compartments t o  maintain a con t ro l l ed  environment w i t h i n  the  compartments 
du r ing  pre launch  ope ra t ions .  Also a s soc ia t ed  wi th  t h e  ECS hardware i s  a 
de luge  purge and a water  quench system which provide  f i r e  p r o t e c t i o n  wi th in  
t h e  S - I  engine compartment, i f  a v e h i c l e  malfunction occurs t h a t  c r e a t e s  a 
f i r e  hazard o r  n e c e s s i t a t e s  shutdown a f t e r  engine i g n i t i o n ,  

Three condi t ion ing  u n i t s  and a s soc ia t ed  c o n t r o l  u n i t s  on t h e  automatic 
ground c o n t r o l  s t a t i o n  (AGCS) roof ( f i g u r e  1, page 1 7 )  supply dehumidified a i r  
o r  GN2 a t  con t ro l l ed  temperature levels through launcher and umbi l ica l  tower 
d u c t s  t o  t h e  launcher and veh ic l e  f o r  d i s t r i b u t i o n  w i t h i n  t h e  var ious  com- 
partments.  GN2 from t h e  n i t rogen  s t o r a g e  f a c i l i t y  (descr ibed  i n  Volume I V  
of  t h i s  s e r i e s )  is  used f o r  condi t ion ing  any time a n  i n e r t  compartment atmos- 
phere  i s  requi red .  The remote a i r  i n t ake  f a c i l i t y ,  s u f f i c i e n t l y  removed from 
t h e  launch area t o  avoid in t ake  of contaminant vapors ,  i nduc t s ,  f i l t e r s ,  and 
s u p p l i e s  ambient a i r  t o  t h e  u n i t s  f o r  condi t ion ing .  The condi t ion ing  u n i t s  
coo l  t h e  a i r  o r  GN2 flowing through them, thereby removing excess moisture.  
The c o n t r o l  u n i t s  r ehea t  t he  dehumidified a i r  o r  GN2 t o  t h e  required tempera- 
t u r e  l e v e l s  and d i s t r i b u t e  the  medium(s) through umbi l i ca l  tower o r  launcher 
d u c t s  t o  t h e  compartments. The cond i t ion ing  u n i t s  a r e  b a s i c a l l y  i d e n t i c a l  
i n  conf igu ra t ion  and ope ra t ion .  The c o n t r o l  u n i t s  ope ra t e  i n  a s imilar  manner 
bu t  d i f f e r  i n  conf igu ra t ion  because of t h e  number of compartments each c o n t r o l  
u n i t  s e rves  and t h e  temperature requirements of each compartment. Because 
of t h e  h igh  temperature requirements of t h e  S - I  and S-IV engine compartments, 
t h e  c o n t r o l  u n i t s  supplying these  compartments con ta in  a u x i l i a r y  e l e c t r i c  d u c t  
h e a t e r s .  

The cool ing  tower f a c i l i t y  supp l i e s  t h e  water needed f o r  condi t ion ing  
u n i t  ope ra t ion  and cools  and r e c i r c u l a t e s  t h e  water re turned  from the  condi- 
t i o n i n g  u n i t s .  

Control pane l s  on t h e  AGCS r o o f ,  i n  conjunct ion  wi th  s i m i l a r  pane ls  i n  
t h e  launch c o n t r o l  c e n t e r  (LCC),  i n i t i a t e ,  monitor,  and c o n t r o l  t he  ope ra t ion  
o f  t h e  ECS. 

/ 
/ The SA-7 v e h i c l e  instrument u n i t  con ta ins  an i n - f l i g h t  cooling system. 

The instrument u n i t  is cooled by the  ground ECS u n t i l  approximately T -150 
seconds (150 seconds before  l i f t o f f )  when the  i n - f l i g h t  system becomes opera- 
t i v e .  An LN2 coo le r  assembly in  t h e  v e h i c l e  compartment is f i l l e d  and re- 
p l en i shed  from an LN2 s t o r a g e  tank on t h e  umbi l i ca l  tower. The LN2 vapor izes  
and t h e  GN2 i s  c i r c u l a t e d  by blowers through the  instrument u n i t  t o  maintain 
temperature c o n t r o l  du r ing  f l i g h t .  
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Figures  2 and 3, pages 57 and 59, r e p r e s e n t  t h e  ECS and should b e  used i n  
conjunct ion  wi th  the  following t e x t .  

2. ENVIRONMENTAL CONDITIONING & CONTROL UNITS 

The t h r e e  environmental condi t ion ing  u n i t s  ( I ' A l ' '  , "A2" , and "A3") and 
t h e i r  a s soc ia t ed  con t ro l  u n i t s  (' 'B'', 'IC" , and "D") a r e  b a s i c a l l y  i d e n t i c a l  
i n  t h e i r  opera t ion .  The only  d i f f e r e n c e s  i n  the  cond i t ion ing  modules are 
t h a t  c o n t r o l  u n i t  "B" s u p p l i e s  fou r  o u t l e t  d u c t s ;  c o n t r o l  u n i t  "C" supp l i e s  
on ly  one o u t l e t  duct and con ta ins  an a u x i l i a r y  duct h e a t e r ;  and c o n t r o l  
u n i t  I'D" supp l i e s  two o u t l e t  d u c t s ,  one of which con ta ins  an a u x i l i a r y  duc t  
h e a t e r .  Because the ope ra t ion  of each of t h e  cond i t ion ing  modules i s  b a s i -  
c a l l y  t h e  same, only the  ope ra t ion  of cond i t ion ing  u n i t  "A2" and c o n t r o l  u n i t  
"C" is descr ibed  i n  d e t a i l .  The f a c t  t h a t  passage A of condi t ion ing  u n i t  
"A2" is  inopera t ive  is ignored i n  t h i s  d e s c r i p t i o n .  

Each environmental c o n t r o l  system module is d iv ided  i n t o  two subsystems: 
t he  air-GN2 subsystem and t h e  r e f r i g e r a n t  subsystem. 

2 . 1 .  A i r - G N c ,  Subsystem 

E i the r  a i r  o r  GN2 can be suppl ied  t o  the  v e h i c l e  compartment. 

A i r ,  suppl ied  by the  remote a i r  i n t ake  f a c i l i t y ,  e n t e r s  t he  condi t ion ing  
u n i t  through Washable F i l t e r s  A4146 and A4148 and flows through Spher ica l  
Bal l  Dampers A4255 (passage A) and A4254 (passage B). Blowers A4144 and 
A4142, d r i v e n  by Motor A4143, fo rce  t h e  a i r  over ex te rna l ly - f inned  Evaporator 
Co i l s  A4149 and A4369. A i r  flowing over the  c o i l s  i s  cooled t o  approximately 
4OoF by t r a n s f e r r i n g  hea t  t o  vapor iz ing  f reon  (type R-22) r e f r i g e r a n t  flowing 
through the  evapora tor  c o i l s .  Cooling of t h e  a i r  condenses excess moisture 
from the  a i r .  The water  t h a t  has  been condensed c o l l e c t s  i n  a condensate 
t r a p  and d r a i n s  from t h e  evapora tor .  The dehumidified a i r  flows t o  t h e  con- 
t r o l  u n i t  and is heated by Reheat Coi l  A4216. I f  t h e  a i r  i s  not  s u f f i c i e n t l y  
heated t o  s a t i s f y  the  v e h i c l e  compartment requi rements ,  Duct Heater A4245 i s  
ac tua ted .  The duct h e a t e r  i s  con t ro l l ed  by A i r  Temperature Regulator A4217, 
descr ibed  i n  Paragraph 2.2.8. I f  t he  a i r  o r  GN2 l eav ing  the  duc t  h e a t e r  i s  
overheated and t h e  h e a t e r  i s  s t i l l  a c t i v a t e d ,  Over Temperature Cut-Out Switch 
A4350 w i l l  t ake  power o f f  t he  h e a t e r .  

The heated and dehumidified a i r  flows from t h e  cond i t ion ing  u n i t  through 
Or i f  i c e  A4303, r emote ly  operated B u t t e r f l y  Valve A4304 , and Check Valve A4353 
t o  t h e  umbi l ica l  tower f a c i l i t y  f o r  t r a n s f e r  t o  t h e  S-IV engine compartment. 

D i f f e r e n t i a l  Pressure Switch A4302 a c t u a t e s  t o  shu t  the condi t ion ing  
u n i t  down when the  flow is  i n s u f f i c i e n t .  D i f f e r e n t i a l  P res su re  Transducer 
A4305 monitors t h e  a i r  flow through the  duc t  and sends an  i n d i c a t i o n  s i g n a l  
t o  the  LCC and AGCS. Remotely operated B u t t e r f l y  Valve A4304 c o n t r o l s  t h e  
a i r  o r  GN2 flow r a t e  t o  the  v e h i c l e  compartment. 
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GN2,  used f o r  compartment condi t ion ing ,  is suppl ied  t o  the  ECS by the  

Pressure  
n i t rogen  s to rage  f a c i l i t y  (descr ibed i n  Volume I V ) .  The GN2 e n t e r s  the  system 
through Manual Valve A 4 2 7 1  and is  then  f i l t e r e d  by F i l t e r  A4334. 
Switches A4333 and A4377 a c t u a t e  t o  provide LCC i n d i c a t i o n ,  when t h e  GN2 pres -  
s u r e  i s  e i t h e r  t oo  low o r  t o o  high,  and Temperature Switches A4334 and A4378 
a c t u a t e  t o  provide an i n d i c a t i o n  a t  t h e  n i t rogen  s t o r a g e  f a c i l i t y  when the  
GN2 temperature  i s  e i t h e r  t oo  high or  t oo  low. The 50-psig GN2 e n t e r s  the  
condi t ion ing  u n i t  through GN2 Flow Control  Regulators  A4141 and A4140 and i s  
admit ted t o  the  system a t  approximately 3 i n .  H20 s t a t i c  pressure .  The GN2 
i s  condi t ioned i n  the  same manner as a i r .  

To s e l e c t  a i r  for cond i t ion ing ,  normally open Solenoid Valves A4145 and 
A4147 are ac tua ted  remotely. These va lves  c l o s e  and ven t  t h e  8 ps ig  c o n t r o l  
p re s su re  from Spher i ca l  Ba l l  Dampers A4255 and A4254, a l lowing a i r  t o  e n t e r  
t h e  condi t ion ing  u n i t .  Simultaneously,  GN2 supply c o n t r o l  Solenoid Valves 
A4139 and A4138 a r e  ac tua t ed ,  allowing 20-psig c o n t r o l  pressure  t o  act  on 
Pressure  Con t ro l l e r s  A4252 and A4253. The pressure  c o n t r o l l e r s ,  p r e s e t  t o  
main ta in  a s t a t i c  p res su re  of 57 i n .  of H20 downstream of the  blower, sense 
an overpressure.  The c o n t r o l l e r s  then  open Volume Boosters  A4323 and A4324, 
a l lowing  20-psig GN2 c o n t r o l  pressure  t o  c l o s e  GN2 Flow Control  Regulators  
A4141 and A4140, prevent ing GN2 from e n t e r i n g  the  condi t ion ing  u n i t .  

To s e l e c t  GN2 condi t ion ing ,  a i r  supply Solenoid Valves A4145 and A4147, 
and GN2 supply Solenoid Valves A4139 and A4138 are deactuated.  
of the  a i r - supp ly  so lenoids  a l l o w s  8 ps ig  GN2 c o n t r o l  pressure  t o  i n f l a t e  
S p h e r i c a l  Ball Dampers A4255 and A4254, prevent ing a i r  f r a n  e n t e r i n g  t h e  con- 
d i t i o n i n g  u n i t .  
a p p l i e s  downstream blower pressure ,  r a t h e r  than  the  20-psig c o n t r o l  p re s su re ,  
t o  Pressure  Con t ro l l e r s  A4252 and A4253. Since t h e  p re s su re  c o n t r o l l e r s  are 
p r e s e t  t o  maintain a s t a t i c  pressure  of 57 in .  of H20 downstream of t h e  blawer,  
a lower pressure  w i l l  cause t h e  pressure  c o n t r o l l e r s  t o  p o s i t i o n  Volume 
Boosters  A4323 and A4324 t o  decrease t o  amount of c o n t r o l  pressure  appl ied  t o  
t h e  a c t u a t o r s  of GN2 Flow Control Regulators  A4141 and A4140. A decrease i n  
c o n t r o l  pressure  opens the GN2 f l o w  c o n t r o l  r e g u l a t o r s ,  a l lowing GN2 t o  e n t e r  
the condi t ion ing  u n i t .  I n  t h i s  way, t he  combination of p n e u w t i c  c o n t r o l l e r s  
and volume boos ters  act  as a pneumatic ampl i f i e r .  A decrease i n  downstream 
blower pressure  w i l l  cause a corresponding increase  i n  GN2 flow through the  
r e g u l a t o r s .  The GN2 flow w i l l  increase  u n t i l  t he  downstream blower pressure  
reaches  i t s  normal s ta t ic  pressure of 57 i n .  H20. Should a blower f a i l  while  
ope ra t ing  i n  the  GN2 mode, t h e  GN2 flow c o n t r o l  r e g u l a t o r s  would open f u l l y ,  
p rovid ing  a GN2 flow s u f f i c i e n t  t o  compensate f o r  t h e  l o s t  blower. 

Deactuat ion 

Deactuat ion of GN2 Supply Solenoid Valves A4139 and A4138 

To a l l e v i a t e  r e p e t i t i o n  of "a i r  o r  GN2," only a i r  w i l l  be mentioned as 
t h e  condi t ion ing  medium i n  t h e  fol lowing d e s c r i p t i o n s .  

2.2. Re f r ipe ran t  Subsys t e m  

High-pressure l i q u i d  freon ( type  R-22) expands through Primary Thermal 
Expansion Valve A4134 and Secondary Thermal Expansion Valve A4151 i n t o  
Evaporator C o i l s  A4369 and A4149. Liquid f reon  a t  low pressure  c i r c u l a t e s  
through the  evapora tor  c o i l s  and absorbs hea t  from a i r  pass ing  over t he  c o i l s  
and vapor izes .  The vaporized freon flows through Evaporator Pressure  Regulator 
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A4127, Heat Exchanger A4590, Compressor Suct ion  Serv ice  Valve A4129 and i n t o  
Compressor A4126. 
pressor  through Compressor Discharge Serv ice  Valve A4128 ,  can flow i n  t h r e e  
poss ib l e  d i r e c t i o n s .  
on condi t ion ing  u n i t  and c o n t r o l  u n i t  requirements.  The t h r e e  f reon  flow 
paths  are as follows: 
Regulator A4123 and i n t o  the  compressor s u c t i o n  l i n e ,  (2)  The compressed 
f reon  flows through D i f f e r e n t i a l  Pressure Regulator A4122 , Condenser I n l e t  
Serv ice  Valve A4113, and i n t o  Condenser-Receiver A4117. (3)  The f r eon  flows 
through Reheat Coi l  Serv ice  Valves A4277 and A4229 i n t o  Reheat Co i l  A4216. 
The h o t ,  compressed f r eon  c i r c u l a t e s  through the  r ehea t  c o i l  , t r a n s f e r r i n g  
hea t  t o  the  a i r  passing over t he  c o i l s ,  and flows out  of the  r ehea t  c o i l  
through A i r  Temperature Regulator A4217, through Reheat Co i l  Serv ice  Valves 
A4230 and A4276, through Condenser I n l e t  Serv ice  Valve A 4 1 1 3 ,  and i n t o  
Condenser-Receiver A4117. The f reon  gas c i r c u l a t e s  through the  condenser- 
r ece ive r  and i s  cooled and condensed by water flowing through c o i l s  w i th in  
t h e  condenser-receiver .  The coo l ing  water  i s  suppl ied  by the  cool ing  tower 
f a c i l i t y  and i t s  f l o w  r a t e  i s  c o n t r o l l e d  by Water Regulat ion Valve A 4 1 1 1 .  
The condensed freon flows from Condenser-Receiver A4117  through Condenser 
Ou t l e t  Serv ice  Valve A4116, F i l t e r - D r i e r  Serv ice  Valve A 4 1 2 1 ,  F i l t e r - D r i e r  
A4118, and F i l t e r - D r i e r  Serv ice  Valve A4120 and i n t o  Heat Exchanger A4390. 
The condensed freon i s  f u r t h e r  cooled i n  the  h e a t  exchanger by f reon  flowing 
i n  t h e  compressor s u c t i o n  l i n e  before  flowing through S igh t  Glass A4136 t o  
the  Thermal Expansion Valves A4134 and A4151, c m p l e t i n g  the  c y c l e ,  o r  through 
Desuperheating Valve A4125 i n t o  the  compressor s u c t i o n  l i n e .  The q u a n t i t y  of 
r e f r i g e r a n t  flowing through t h e  desuperheat  ing va lve  i s  dependent on condi- 
t i on ing  u n i t  requirements.  

The h o t ,  compressed f reon  gas ,  discharged from t h e  com- 

The quan t i ty  of f reon  flowing through each path depends 

(1) The compressed freon flows through Hot Gas Bypass 

The fol lowing paragraphs desc r ibe  the  major components and assemblies  
t h a t  comprise t h e  r e f r i g e r a n t  subsystem. 

2.2.1.  Thermal Expansion Valves A4134 and A4151. These va lves  r egu la t e  
t h e  flow of f reon  through Primary Evaporator C o i l  A4369 and Secondary Evap- 
o ra to r  Co i l  A4149. The flow i s  regula ted  t o  superheat  t h e  gaseous f reon  leav- 
ing the evaporator  a s p e c i f i e d  amount (approximately 9OF). The thermal ex- 
pansion va lve  opening is  c o n t r o l l e d  by a thermal sens ing  bulb a t t ached  t o  the  
evaporator  discharge l i n e  and by an  evaporator  d i scharge  pressure  sens ing  
l i n e .  Should t h e  evaporator  d i scharge  temperature  inc rease ,  t h e  pressure  i n  
the  thermal sensing bulb and c a p i l l a r y  tube would inc rease  and move the  ex- 
pansion va lve  pos i t i one r  t o  equa l i ze  t h i s  p re s su re  wi th  the  evapora tor  d i s -  
charge p res su re ,  thus inc reas ing  the  thermal expansion va lve  opening. Con- 
v e r s e l y ,  a decrease i n  evapora tor  d i scharge  temperature  w i l l  cause the  va lve  
opening t o  decrease.  

During low flow cond i t ions ,  the  thermal expansion va lves  lo se  t h e i r  accu- 
ra te  flow c o n t r o l  c a p a b i l i t i e s .  When the  a i r  in t ake  temperature  drops t o o  low 
(below approximately 75'F), Thermal Switch A4363 , l oca t ed  downstream of Blower 
A4142, deac tua tes  and takes  power o f f  evaporator  c o i l  cu to f f  Solenoid Valve 
A4137. Deactuation of t h i s  so lenoid  causes  t h e  sens ing  l i n e  of Thermal Expan- 
s i o n  Valve A4151 t o  sense high evaporator  i n l e t  p re s su re  r a t h e r  than the  low 
evaporator  discharge pressure .  The h igher  pressure  app l i ed  t o  the  a c t u a t i n g  
mechanism c l o s e s  the va lve ,  causing an  increased  f r eon  flow r a t e  through 
Thermal Expansion Valve A4134 and primary Evaporator C o i l  A4369. 
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2 . 2 . 2 .  Evaporator Pressure  R e m l a t o r  A4127. The r e g u l a t o r  c o n t r o l s  t h e  
p r e s s u r e  w i t h i n  Evaporator Co i l s  A4369 and A4149. The amount of hea t  absorbed 
from t h e  a i r  flowing over the  evaporator c o i l s  is dependent on the  temperature 
d i f f e r e n t i a l  between t h e  f r eon  gas w i t h i n  t h e  c o i l  and t h e  a i r  flowing over 
t h e  c o i l ,  and on t h e  vapor pressure  of t h e  f reon  w i t h i n  t h e  c o i l s .  Freon 
temperature i s  regula ted  by t h e  thermal expansion va lves  and f reon  vapor p r e s -  
s u r e  i s  con t ro l l ed  by the  evaporator p r e s s u r e  r e g u l a t o r .  Thermistor A4080, 
l oca t ed  downstream of the  evaporator c o i l s  i n  the  cond i t ion ing  d u c t ,  senses  
t h e  temperature of t he  a i r  l eav ing  t h e  evapora to r  and s i g n a l s  P res su re  Con- 
t r o l l e r  A4132 t o  inc rease  o r  decrease  t h e  pneumatic p r e s s u r e  appl ied  t o  the  
p o s i t i o n i n g  mechanism of t h e  evaporator p re s su re  r e g u l a t o r .  The r e g u l a t o r  
w i l l  be opened when the  thermis tor  s enses  a temperature inc rease .  Opening of 
t h e  r e g u l a t o r  reduces t h e  vapor p re s su re  w i t h i n  t h e  evapora to r ,  thus  inc reas -  
i ng  t h e  amount of h e a t  absorbed from the  a i r  du r ing  f reon  vapor i za t ion .  Con- 
v e r s e l y ,  t h e  r e g u l a t o r  c loses  when the  c o n t r o l  t he rmis to r  senses  a temperature 
dec rease .  The r e g u l a t o r  and i t s  a s soc ia t ed  c o n t r o l s  a r e  designed t o  maintain 
t h e  a i r  discharged from t h e  evaporator a t  approximately 40°F, 

2.2.3. Heat Exchanger A4390. Th i s  l i qu id - to -gas  h e a t  exchanger t r a n s -  
f e r s  hea t  from the  hot  l i q u i d  freon i n  t h e  condenser d i scharge  l i n e  t o  the  
gaseous ( o r  p a r t i a l l y  gaseous) freon i n  the  compressor s e c t i o n  l i n e .  This 
l e s s e n s  the  p o s s i b i l i t y  of l i qu id  f reon  reaching the  compressor and inc reases  
t h e  e f f i c i e n c y  of t he  r e f r i g e r a n t  subsystem by f u r t h e r  cool ing  the  l i q u i d  
f r eon  flowing t o  t h e  thermal expansion va lves .  

2.2.4. Compressor A4126. Gaseous f r eon  flowing from hea t  exchanger 
A4390 i s  compressed s o  t h a t  i t  can be cooled t o  t h e  l i q u i d  s t a t e  more e a s i l y .  
(The compressor can be i s o l a t e d  f o r  maintenance by c l o s i n g  Compressor Suction 
Se rv ice  Valve A4129 and Compressor Discharge Serv ice  Valve A4128.) 

A High-Low Pres su re  Switch A4279 c u t s  o f f  t h e  compressor i f  t h e  compres- 
s o r  d i scha rge  p res su re  becomes too high o r  t h e  compressor s u c t i o n  p res su re  
drops  below a prescr ibed  va lue .  Should t h e  compressor be c u t  o f f ,  Suction 
P r e s s u r e  Switch A4393 would deac tua te ,  al lowing Liquid Stop Solenoid Valve 
A4195 and Hot Gas Bypass Solenoid Valve A4124 t o  c l o s e ,  p revent ing  the  flow 
of l i q u i d  f reon  t o  lower p a r t s  o f  t h e  system while t h e  compressor i s  inopera- 
t ive . 

Visual i n d i c a t i o n  of compressor s u c t i o n  and d ischarge  p res su re  i s  given 
by P res su re  Gages A4336 and A4278, r e spec t ive ly .  
A4130 a r e  used t o  i s o l a t e  t h e  pressure  gages when necessary . )  

(Manual Valves A4131 and 

2.2.5. Hot Gas Bypass Regulator A4123. This r e g u l a t o r  c o n t r o l s  t he  
flow of h o t  compressed gaseous freon i n t o  the  compressor s u c t i o n  l i n e ,  main- 
t a i n i n g  a cons t an t  load on t h e  compressor and vapor iz ing  any l i q u i d  f reon  
t h a t  might be i n  the  l i n e .  

A pressure-operated p i l o t  va lve ,  p a r t  of t h e  r e g u l a t o r  assembly, r egu la t e s  
t h e  amount of con t ro l  p re s su re  applied t o  t h e  main va lve .  The normally-open 
p i l o t  va lve  is  closed by compressor s u c t i o n  p r e s s u r e ,  dec reas ing  the  amount 
of  opening c o n t r o l  p re s su re  supplied t o  t h e  normally-closed main va lve  of the  
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r e g u l a t o r  assembly; t h e r e f o r e ,  when t h e  compressor suc t ion  p res su re  dec reases ,  
the  p i l o t  va lve  opens, allowing compressed f reon  t o  open t h e  main va lve .  
Opening of t h e  main va lve  allows h o t ,  compressed f reon  from the  compressor 
d i scha rge  l i n e  t o  flow d i r e c t l y  i n t o  the  compressor s u c t i o n  l i n e ,  e s s e n t i a l l y  
s h o r t  c i r c u i t i n g  the  rest  of t h e  s y s t e m  t o  maintain a cons tan t  load on t h e  
compressor. 

2.2.6. D i f f e r e n t i a l  P res su re  Revulator A4122. A cons t an t  p r e s s u r e  
d i f f e r e n t i a l  between the  rehea t  c o i l  i n l e t  and o u t l e t  i s  maintained by t h i s  
r e g u l a t o r  t o  induce f reon  flow through the  c o i l .  The f reon  flowing through 
t h e  p r e s s u r e  r egu la to r  flows d i r e c t l y  i n t o  Condenser-Receiver A4117. 

2 . 2 . 7 .  Reheat Coi l  A4216. The c o i l ,  loca ted  i n  c o n t r o l  u n i t  "C", is  
a hea t  exchanger t h a t  allows hot  compressed f reon  gas t o  t r a n s f e r  hea t  t o  t h e  
cool a i r  flowing ac ross  t h e  c o i l .  (Reheat Coi l  Serv ice  Valves A4277, A4229, 
A4230, and A4276 a re  used t o  i s o l a t e  t h e  condi t ion ing  and c o n t r o l  u n i t  
r e f r i g e r a n t  subsystem when the  u n i t s  a r e  being t r anspor t ed ,  i n s t a l l e d  o r  
maintained .) 

2.2.8. A i r  Temperature Regulator A4217. The r e g u l a t o r  c o n t r o l s  t h e  
f reon  flow r a t e  through the  r ehea t  c o i l ,  thus c o n t r o l l i n g  the  temperature 
of t h e  a i r  leaving the  c o i l .  The a i r  temperature r e g u l a t o r  is  con t ro l l ed  
by Temperature Con t ro l l e r  A4215 and S- IV  engine compartment Thermistor E59. 
The the rmis to r  senses t h e  compartment temperature and s i g n a l s  temperature 
c o n t r o l l e r  t o  p o s i t i o n  A i r  Temperature Regulator A4217 accord ingly .  I f  t he  
compartment temperature i s  too  low (below approx. 2100F) the  a i r  temperature 
r e g u l a t o r  opens, allowing more h o t ,  gaseous f reon  t o  flow through t h e  r ehea t  
c o i l .  I f  t h e  compartment temperature i s  too  h igh ,  t he  r e g u l a t o r  c l o s e s  t o  
r e s t r i c t  f reon  flow through the  c o i l .  

When the  r egu la to r  i s  opened f u l l y ,  i t  a c t u a t e s  a cam motor. The cam 
motor r o t a t e s  t o  put power on one of t h e  t h r e e  h e a t e r  banks i n  t h e  Auxi l ia ry  
Duct Heater A4245. A s  t he  a i r  temperature i n c r e a s e s ,  t he  a i r  temperature 
r e g u l a t o r  r e t u r n s  t o  a modulating p o s i t i o n .  I f  t he  compartment temperature 
i s  s t i l l  too  low and the  r e g u l a t o r  remains f u l l y  open o r  becomes f u l l y  open 
a g a i n ,  t h e  cam motor w i l l  r o t a t e  t o  ene rg ize  t h e  second bank of  h e a t e r s .  The 
t h i r d  bank i s  energized i n  t h e  same manner. The h e a t e r s  w i l l  be deenergized 
i n  the  same manner but i n  r eve r se  sequence when t h e  compartment temperature 
i s  high enough t o  f u l l y  c l o s e  t h e  va lve .  

I f  Thermistor E59 o r  Temperature C o n t r o l l e r  A4215 should f a i l ,  t he  a i r  
temperature r egu la to r  can be con t ro l l ed  manually from t h e  LCC o r  t h e  AGCS; 
however, t he  LCC con t ro l  ove r r ides  the  AGCS c o n t r o l .  

2.2.9. Condenser-Receiver A4117. This condenser - rece iver  i s  a s h e l l  
and tube type condenser with s u f f i c i e n t  c a p a c i t y  t o  se rve  a s  a r e c e i v e r  
should system pumpdown be necessary.  (Condenser Se rv ice  Valves A4113 and 
A4116 i s o l a t e  t he  condenser when necessary . )  Re l i e f  Valve A4115 r e l i e v e s  a t  
350 p s i g ,  preventing condenser damage. Cooling water  flowing through t h e  
condenser tubes i s  supplied by the  cool ing  tower f a c i l i t y  and regula ted  by 
Water Regulation Valve A4111. The q u a n t i t y  of cool ing  water flowing through 
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t he  tubes i s  d i r e c t l y  proport ional  t o  condenser pressure .  Pressure Control-  
l e r  A4372 senses  the  condenser pressure through Condenser Purge Valve A4114 
and r e g u l a t e s  the  con t ro l  pressure suppl ied t o  the  c l o s i n g  s i d e  of t he  water 
r e g u l a t i o n  valve.  Increas ing  condenser pressure  w i l l  p ropor t iona l ly  c lose  
t h e  pressure  c o n t r o l l e r ,  lowering the  c o n t r o l  pressure  suppl ied t o  the  c los -  
ing  s i d e  of t he  r egu la t ion  valve,  a l lowing 20-psig GN2 c o n t r o l  pressure  t o  
open the  r egu la t ion  va lve ;  thereby inc reas ing  the  cool ing  water flow r a t e  
through the  condenser tubes.  A decrease i n  condenser pressure w i l l  a l low 
the  pressure  c o n t r o l l e r  t o  open, i nc reas ing  the  amount of con t ro l  pressure  
appl ied  t o  the  c los ing  s i d e  of the water r e g u l a t i o n  valve;  thereby c los ing  
the  water r egu la t ion  valve.  

A Flaw Balancing O r i f i c e ,  A4112, i n s t a l l e d  between the  condenser i n l e t  
l i n e  and the  water r egu la t ion  valve ( i n  p a r a l l e l  wi th  the  condenser t ubes ) ,  
provides an a l t e r n a t e  flow pa th  when requi red  flow through the  condenser is  
l e s s  than  f u l l  flow from the  cooling tower. 

2.2.10. F i l t e r - D r i e r  A4118. The f i l t e r - d r i e r  removes moisture  and 
contaminant p a r t i c l e s  from the  r e f r i g e r a n t  charge,  (Should replacement of 
t h e  f i l t e r - d r i e r  element be necessary dur ing  system opera t ion ,  opening of 
F i l t e r - D r i e r  Bypass Valve A4119 and c los ing  of F i l t e r - D r i e r  Serv ice  Valves 
A4121 and A4120 al lows removal of t he  element without  s h u t t i n g  the  system 
dawn or  l o s ing  r e f r i g e r a n t . )  

2 .2 .11 .  Desuperheating Valve A4125. The desuperheat ing valve allows 
h igh  pressure  l i q u i d  f reon  t o  flow i n t o  the  compressor suc t ion  l i n e ,  upstream 
of Heat Exchanger A4390, t o  prevent compressor overheat ing and t o  keep the  
compressor i n l e t  temperature r e l a t i v e l y  cons tan t .  The valve i s  c o n t r o l l e d  
by a temperature-sensing bulb a t  t he  compressor i n l e t .  An increase  i n  com- 
p res so r  suc t ion  temperature w i l l  cause the  medium wi th in  the  thermal sens ing  
bulb and i t s  c a p i l l a r y  tube t o  expand, opening the  desuperheating va lve ,  
thus  al lowing h igh  pressure  l i qu id  freon t o  expand i n t o  the  compressor suc- 
t i o n  l i n e  and vaporize.  I n  vaporizing,  t he  freon absorbs heat  from the  
gaseous f reon ,  thus lowering the compressor i n l e t  temperature. 

2 .2 .12.  Ref r igerant  Inspect ion Devices. Moisture Ind ica to r  A4396 and 
S i g h t  Glass A4136 al low v i s i o n a l  i n spec t ion  of t he  r e f r i g e r a n t  charge mois- 
t u r e  conten t  and the  r e f r i g e r a n t  charge l e v e l .  

3 .  R E M O T E  AIR INTAKE FACILITY 

The remote a i r  i n t ake  f a c i l i t y  supp l i e s  a i r  t o  t he  ECS condi t ion ing  
u n i t s .  Fan A4211 draws a i r  i n  through a sc reen ,  F i l t e r  A4209, and Damper 
A4210 and forces  i t  through a duct t o  the  condi t ion ing  u n i t s .  
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Pneumatic Cont ro l le r  A4088 senses  the  fan o u t l e t  p re s su re  and the  
atmosphere pressure and pos i t i ons  Damper A4210 t o  main ta in  a cons t an t  o u t l e t  
s t a t i c  pressure  of 3 i n .  H20. Pressure  Switches A4358 and A4367 a c t u a t e  t o  
g i v e  an  ind ica t ion  a t  t h e  LCC when t h e  in t ake  a i r  p re s su re  is  too high o r  too 
low. 

4. COOLING TOWER FACILITY 

The coo l ing  tower r ece ives  heated water from t h e  condenser of each con- 
d i t i o n i n g  u n i t .  The water, admit ted a t  t op  of t he  tower, f a l l s  i n  d r o p l e t s  
through a series of t r a y s .  Blower A4053 forces  ambient a i r  through the  tower 
t o  coo l  t he  water. 
and t h e  coo l ing  t o w e r .  The water flows from t h e  pump through Check Valve 
A4320 t o  t h e  condenser c o i l s  of each u n i t ,  where it  absorbs h e a t  from t h e  
compressed f reon  flowing through the  ccndenser.  The hea ted  water then  flows 
back t o  t h e  cool ing tower t o  be cooled and r e c i r c u l a t e d .  

Pump A4054 c i r c u l a t e s  t he  water through t h e  condensers 

The water leve l  i n  the  cool ing  tower i s  c o n t r o l l e d  by Float-Operated 
Valve A4052. As water i s  l o s t  t o  the  atmosphere and by condenser blow-down, 
t h e  f loa t -opera ted  va lve  opens and al lows the  supply t o  be rep len ished  through 
Make-up Water Valve A4050. (The tower can be dra ined  through Drain Valve 
A4051.) Blow-Down Valve A4150 is l e f t  open dur ing  tower opera t ion  t o  prevent 
d e p o s i t s  from accumulating i n  t h e  condensers dur ing  system opera t ion .  

5 .  PNEUMATIC CONTROL P R E S S U R E  SYSTEM 

The pneumatic c o n t r o l  pressure  used f o r  va lve  a c t u a t i o n  and s p h e r i c a l  
b a l l  damper i n f l a t i o n  is suppl ied  by va lve  pane l  5 .  The GN2 a t  50 ps ig  i s  
f i l t e r e d  through F i l t e r  A4317, r egu la t ed  t o  2 0  p s i g  by Regulator A4269, and 
suppl ied  t o  the  ECS condi t ion ing  u n i t s  f o r  va lve  a c t u a t i o n .  A l s o ,  t h e  50- 
p s i g  GN2 i s  f i l t e r e d  by F i l t e r  A4316, regula ted  t o  8 p s i g  by Regulator  A4270, 
and suppl ied  t o  the ECS condi t ion ing  u n i t s  f o r  s p h e r i c a l  b a l l  damper i n f l a -  
t i o n .  The 2 0  psig and t h e  8 ps ig  c o n t r o l  p re s su re  i s  monitored by Pressure  
Gages A4318 and A4319, r e s p e c t i v e l y .  

6 .  ENVIRONMENTAL CONTROL SYSTEM CONTROLS 

6.1. Launch Control Center Cont ro l  Panels  

The fol lowing panels  i n  the  LCC a r e  used t o  i n i t i a t e ,  monitor ,  and con- 
t r o l  t he  opera t ion  of t he  ECS. 
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a. System Control  Panel. 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8. 

ON-OFF Switch - Provides dc power f o r  t h e  e l e c t r i c a l  con- 
t r o l  system. 

POWER ON Ind ica to r  - I n d i c a t e s  p o s i t i o n  of dc power ON-OFF 
Switch. 

START Switch (push-button) - Sends s i g n a l  t o  a panel on 
t h e  cool ing  tower t o  i n i t i a t e  t h e  system s t a r t  sequence. 

STOP Switch (push-button) - Terminates system operat ion.  

SYSTEM RUNNING I n d i c a t o r  - I n d i c a t e s  system s t a r t i n g  se- 
quence has been completed. 

AIR-GN2 Switches - S e l e c t  t he  condi t ion ing  medium suppl ied  
t o  each compartment. 

NITROGEN SUPPLY PRESSURE (HIGH-NORMAL-LOW) Ind ica to r s  - 
I n d i c a t e  GN2 supply pressure .  

A I R  SUPPLY PRESSURE (HIGH-NORMAL-LOW) Ind ica to r s  - I n d i c a t e  
a i r  supply pressure.  

b. Compartment Temperature Control  Panels.  There i s  a panel  f o r  
each compartment, c o n s i s t i n g  of t h e  following: 

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7.  

LCC-AGCS Switch - Selects l o c a t i o n  of temperature s e l e c t o r  
opera t ion ,  LCC o r  AGCS. 

LCC-AGCS Ind ica to r  - I n d i c a t e s  l o c a t i o n  of temperature 
s e l e c t o r  operat ion,  LCC o r  AGCS. 

MANUAL-AUTO Switch - Selects the  method of a i r  temperature 
r e g u l a t o r  con t ro l  (manual o r  automatic) .  

MANUAL-AUTO Ind ica to r  - I n d i c a t e s  p o s i t i o n  of MANUAL-AUTO 
Switches.  

INCREASE-DECREASE Temperature Switch - Contro ls  p o s i t i o n  
of t h e  a i r  temperature r e g u l a t o r .  

Temperature Control Valve P o s i t i o n  I n d i c a t o r  - I n d i c a t e s  
a i r  temperature r e g u l a t o r  opening. 

COMPARTMENT TEMPERATURE Gage - I n d i c a t e s  v e h i c l e  compartment 
temperature or i n  the duct  lead ing  t o  the  compartment i n  
degrees  Fahrenhei t .  
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8. TEMP. SELECTOR - S e l e c t s  veh ic l e  compartment temperature 
when opera t ing  au tomat ica l ly .  

9. FLOW CONTROL Ind ica to r  - I n d i c a t e s  flow rate  of a i r  o r  GN2 
i n t o  each  Compartment i n  lbs/min. 

10. FLOW CONTROL INCREASE-DECREASE Switch - Contro ls  t he  open- 
ing  of air-GN2 flow c o n t r o l  valve.  

11. HEATER BANK ON Ind ica to r s  - I n d i c a t e  t h e  opera t ing  s t a t e  
of c o n t r o l  u n i t  e l e c t r i c a l  h e a t e r s .  
engine compartment panels  only.) 

(On S - I  and S - I V  

12.  OVERHEAT LIMIT SW ACTUATED I n d i c a t o r  - Ind ica t e s  when the  
over-temperature c u t  out swi tch  has  ac tua t ed .  
S - I V  engine compartment panels ,only.)  

(On S - I  and 

c. Conditioned Gas Temperature - Evaporator Discharge Panel.  
This panel  i n d i c a t e s  the temperature of condi t ioned a i r  or  GN2 
i n  each duc t  leav ing  the  condi t ion ing  u n i t  evapora tors .  

d .  Intake A i r  - Nitrogen Purge Panel.  

1. SLOW Switch (push-button) - I n i t i a t e s  slow speed opera t ion  
of the remote a i r  i n t ake  blower. 

2 .  FAST Switch (push-button) - I n i t i a t e s  h igh  speed (normal) 
opera t ion  of the blower. 

3 .  SLOW I n d i c a t o r  - Ind ica t e s  when t h e  remote a i r  in take  
blowers are opera t ing  a t  slow speed. 

4. FAST I n d i c a t o r  - I n d i c a t e s  when t h e  remote a i r  in t ake  
blower i s  opera t ing  a t  f a s t  (normal) speed. 

5. PURGE ON I n d i c a t o r s  - I n d i c a t e  when t h e  c o n t r o l  panels  on 
the  AGCS roof are adequately purged. 

e. D i s t r i b u t o r  Panels .  

6.2. Automatic Ground Cont ro l  S t a t i o n  Roof Control  Panels  

a.  Sequence Cont ro l  Panel .  

1. START Switch (push-button) - I n i t i a t e s  system s t a r t  se -  
quence. 

2 .  STOP Switch (push-button) - Terminates system opera t ion .  

3 .  CIRCUIT BREAKER MAIN COOLING TOWER (handle)  - Allows manual 
r e s e t  of main cool ing  tower c i r c u i t  b reaker .  
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b. Conditioning Unit Control  Panels .  Each panel  (one f o r  each 
condi t ion ing  u n i t )  c ont  a i n s  t he  f ol 1 owing : 

1. CONDITIONED GAS TEMP.-EVAPORATOR DISCH. Gages - I n d i c a t e  
temperature (OF) of t he  a i r  o r  GN2 i n  each duct  leaving 
the  condi t ioning u n i t  evaporator .  

2 .  REFRIGERANT PRESSURE Gages - Ind ica t e  compressor suc t ion  
and d ischarge  pressure.  

3 .  CIRCUIT BREAKER MAIN (handle) - A l l o w s  manual r e s e t  of 
main condi t ioning u n i t  c i r c u i t  breaker .  

4 .  BLOWER CIRCUIT BREAKER Handle - Allows manual r e s e t  of 
blower c i r c u i t  breaker .  

5. BLOWER Switch (AUTO-OFF-MAN) - AUTO p o s i t i o n  al lows a u t o -  
matic operat ion from the LCC. MAN p o s i t i o n  allows l o c a l  
opera t ion  of condi t ioning u n i t  blowers. 

6 .  COMPRESSOR C I R C U I T  BREAKER Handle - A l l o w s  manual r e s e t  of 
compressor c i r c u i t  breaker .  

7. COMPRESSOR Switch (AUTO-OFF-MAN) - AUTO pos i t i on  allows 
automatic  operat ion from the  LCC. MAN p o s i t i o n  provides 
f o r  l o c a l  operat ion of condi t ion ing  u n i t  compressor. 

c. Cont ro l  Unit Control Panel. Each panel  (one f o r  each con t ro l  
u n i t )  conta ins  the following: 

1. 

2. 

3.  

4 .  

5. 

6 .  

COMPARTMkNT TEMPERATURE Ind ica to r ( s )  - Ind ica t e ( s )  compart- 
ment temperature ( o r  duct  temperature) i n  degrees Fahrenhei t .  

TEMPERATURE SELECTOR(S) - Provide(s)  c o n t r o l  of compartment 
temperature.  

AGCS Ind ica to r ( s )  - I n d i c a t e ( s )  t h a t  t he  compartment tempera- 
t u r e s  may be se l ec t ed  from t h e  AGCS roof .  

LCC Ind ica to r ( s )  - I n d i c a t e ( s )  t h a t  des i r ed  compartment 
temperatures can only be se l ec t ed  a t  t he  LCC. 

FLOW Ind ica to r ( s )  - Ind ica t e ( s )  flow r a t e  i n  lbs/min t o  
the  r e l a t e d  vehic le  compartment. 

FLOW CONTROL INCREASE-DECREASE Switch(es)  - Cont ro l ( s )  the  
p o s i t i o n  of the a i r - G N 2  flow c o n t r o l  va lve(s )  i n  the  duc t (s )  
leaving cont ro l  u n i t .  
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7. MAIN CIRCUIT BREAKER Handle ( c o n t r o l  u n i t s  "C" and "D" 
only)  - Allows manual r e s e t  of main c i r c u i t  b reaker  i n  
c o n t r o l  u n i t  h e a t e r  c i r c u i t .  

8. C I R C U I T  BREAKERS, HEATER BANK A,  B ,  AND C Handles ( c o n t r o l  
u n i t s  "C" and "D" only)  - Allow manual reset of t he  ind iv id -  
u a l  h e a t e r  bank c i r c u i t  breakers .  

6.3. Cooling Tower Cont ro l  Panel 

1. M A I N  C I R C U I T  BREAKER Handle - Allows manual r e s e t  of 
main cool ing  tower c i r c u i t  breaker .  

2. PUMP C I R C U I T  BREAKER Handle - Allows manual reset of pump 
c i r c u i t  b reakers .  

3. PUMP Switch (MANUAL-OFF-AUTO) - MANUAL p o s i t i o n  allows 
l o c a l  opera t ion  of the  coo l ing  tower pump. 
allows automatic ope ra t ion  from the  LCC. 

AUTO p o s i t i o n  

4. FAN CIRCUIT BREAKER Handle - Allows manual reset of fan 
c i r c u i t  breaker .  

5. FAN Switch (MANUAL-OFF-AUTO) - MANUAL p o s i t i o n  al lows 
l o c a l  opera t ion  of t h e  cool ing  tower fan.  AUTO p o s i t i o n  
allows automatic opera t ion  from the  LCC. 

7.  LAUNCHER AND V E H I C L E  C O M P A R T M E N T  CONDITIONING 

7.1.  Launcher Compartments 

The launcher compartments are condi t ioned w i t h  a i r  suppl ied  by c o n t r o l  
u n i t  "D" thraugh Check Valve A4351. The a i r  is  ducted through a to rus  around 
the  launcher (not  Shawn). Manual va lves  on the  t o r u s  can be opened t o  a l low 
condi t ion ing  of the d e s i r e d  compartments. I f  no compartments r e q u i r e  condi- 
t i on ing ,  t he  a i r  is  ducted t o  the  atmosphere. 

J u s t  p r i o r  t o  launch, t h e  launcher compartments a r e  p re s su r i zed  wi th  
Thermistor A4226 i n  the  con t ro l  u n i t  duc t  GN2 t o  a minimum of 3 i n .  H 2 0 .  

provides  a temperature measurement f o r  LCC and AGCS compartment temperature 
i n d i c a t i o n  and a i r  temperature r egu la t ion .  

7.2. S - I  Engine Compartment 

The a i r  used t o  cond i t ion  the  S - I  engine compartment i s  suppl ied  by con- 
t r o l  u n i t  "D". 
B u t t e r f l y  Valve A4342 ( f i g u r e  3 ,  page 59) i n t o  launcher  d i s t r i b u t i o n  duc ts .  

The condi t ioned a i r  flows through Check Valve A4352 and 
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The condi t ioned a i r  flows t o  one s ide  of the launcher through normally open 
Pneumatic B a l l  Valve A4903 where the duct  branches,  rou t ing  the  flow i n t o  
t h e  engine compartment through Manual B u t t e r f l y  Valve A4339 and Quick D i s -  
connect Couplings A4393 and B502; and through Manual B u t t e r f l y  Valve A4340 
and Quick Disconnect Couplings A4344 and B502. The a i r ,  routed t o  the  o ther  
s i d e  of t h e  launcher  through Pneumatic B a l l  Valve A4908, flows i n t o  the  
engine compartment through Manual B u t t e r f l y  Valve A4348 and Quick Disconnect 
Couplings A4346 and B502; and through Manual B u t t e r f l y  Valve A4347 and Quick 
Disconnect Couplings A4345 and B502. 

Also,  a s soc ia t ed  w i t h  t h e  ECS hardware used t o  cond i t ion  the  S - I  engine 
compartment i s  a deluge purge and a water quench system. 

The deluge purge,  suppl ied by the  deluge purge panel  i n  AGCS, i s  a 
50-psig GN2 purge t h a t  i s  i n i t i a t e d  i n  t h e  event  of veh ic l e  malfunction 
r e q u i r i n g  launch abor t .  

GN2,  a t  3000 p s i g  from the pneumatic c o n t r o l  d i s t r i b u t o r ,  e n t e r s  t he  
deluge purge panel  and flows t o  Dome-Loaded Regulator A2255; and through 
p r e s e t  Regulator  A2252, Solenoid Valve A2254, and O r i f i c e  A2253 t o  the 
dome of Regulator  A2255. When normally c losed  Solenoid Valve A2254 i s  
ac tua ted ,  50-psig GN2 from Regulator A2252 flows through the  so lenoid  va lve  
and O r i f i c e  A2253 t o  dome-load Regulator A2255, a l lowing 50 ps ig  GN2 t o  flow 
from Regulator  A2255 i n t o  the  S - I  engine compartment condi t ion ing  duc ts  and 
be d i s t r i b u t e d  i n  t h e  same manner as  t he  condi t ioned a i r .  Pressure Gage 
A2251 monitors t h e  purge panel  i n l e t  p re s su re ;  Pressure  Gage A2258, the  out- 
l e t  pressure ;  and Pressure  Gage A2261, t h e  c o n t r o l  pressure .  When t h e  deluge 
purge is  i n i t i a t e d ,  Pressure  Switch A2256 i n  the panel  o u t l e t  a c t u a t e s ,  
ene rg iz ing  normally open Solenoid Valve A4388 and normally closed Solenoid 
Valve A4387. Energizing these  Solenoid Valves removes 750-psig opening 
p res su re  and a p p l i e s  750-psig c los ing  pressure  t o  B u t t e r f l y  Valve A4342; 
thereby  c l o s i n g  t h e  va lve  t o  prevent t he  deluge purge from backing up i n t o  
the  environmental  c o n t r o l  u n i t .  The purge panel i s  pro tec ted  by Re l i e f  Valve 
A2257 i n  the  panel  o u t l e t  l i n e .  The condi t ion ing  duct  i s  pro tec ted  by Burst  
D i s c  A4341. 

The deluge purge can be i n i t i a t e d  manually a t  any t ime,  bu t  i t  is  auto-  
m a t i c a l l y  i n i t i a t e d  when any conax va lve  f i r e s  a f t e r  t he  i g n i t i o n  command 
has been given. 

Should the LCC rece ive  an i n d i c a t i o n  from the f i r e - d e t e c t i o n  temperature 
sensors  i n  the  engine compartment t h a t  a f i r e  has developed wi th in  t h e  compart- 
ment, a water quench opera t ion  w i l l  be manually i n i t i a t e d .  The i n i t i a t i o n  
s i g n a l  a c t u a t e s  normally-open, solenoid-operated Pneumatic Valves A4903 and 
A4908, a l lowing 750-psig GN2 t o  c lose t h e  va lves .  The s i g n a l  a l s o  a c t u a t e s  
normally-closed solenoid-operated Pneumatic Valves A4901 and A4909, a l lowing 
750 p s i g  GN2 t o  open these  va lves .  Opening of these valves  a l lows water a t  
125 p s i g  t o  flow i n t o  t h e  engine compartment through the  ECS condi t ion ing  
duc t s .  
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7.3.  S - I  Instrument Containers  

The instrument con ta ine r s  are  condi t ioned by a i r  suppl ied  by condi-  
t i o n i n g  u n i t  "Al" and con t ro l  u n i t  "Bl'. 
c o n t r o l  u n i t  through Check Valve A4304 ( f i g u r e  2) and is  ducted up t h e  umbil- 
i c a l  tower and across  swing arm number one t o  T r a n s i t i o n  Assembly A3058 
( f i g u r e  3) .  
t u r e  measurement f o r  compartment temperature i n d i c a t i o n  on t h e  LCC compartment 
temperature  con t ro l  panel and the  AGCS con t ro l  u n i t  panel and f o r  a i r  t e m -  
pe ra tu re  r egu la to r  pos i t i on ing .  The condi t ioned a i r  flows through t h e  
umbi l ica l  housing and i n t o  t h e  v e h i c l e  through Precooling Check Valve Assembly 
B320, where it i s  ducted t o  t h e  instrument con ta ine r s  and d i s t r i b u t e d  by 
con ica l  manifolds.  The a i r  flows ou t  of t h e  instrument  con ta ine r s  and is  
discharged from the  veh ic l e  through Precooling Check Valve Assembly B321 and 
t h e  umbi l ica l  housing. O r i f i c e  B322 provides continuous vent ing of t h e  con- 
t a i n e r s  t o  prevent an excess ive  p re s su re  bui ldup  during f l i g h t .  

The condi t ioned a i r  flows from t h e  

Thermistor A4212 i n  t h e  t r a n s i t i o n  assembly provides a t empera -  

7.4. S-IV Engine Compartment 

A i r  f o r  compartment condi t ion ing  is  suppl ied  by condi t ion ing  u n i t  "A2" 
and c o n t r o l  u n i t  "C". The condi t ioned a i r  flows i n t o  the  compartment through 
T r a n s i t i o n  Assembly A4398, loca ted  on the  swing a r m  number two connector p l a t e  
( f i g u r e  3 ) ,  and is d i s t r i b u t e d  wi th in  the  compartment. The a i r  flows out of 
the  compartment through hinged panels .  Thermistor E59 monitors t he  compart- 
ment temperature and provides a temperature measurement f o r  i n d i c a t i o n  on the  
LCC compartment temperature c o n t r o l  panel and AGCS con t ro l  u n i t  panel and f o r  
a i r  temperature r egu la t ion .  

7.5.  Instrument Unit and S - I V  Forward I n t e r s t a g e  

The instrument u n i t  and i n t e r s t a g e  a r e  cooled by a p r e f l i g h t  and i n f l i g h t  
cool ing  system. 

7.5.1. P r e - f l i g h t  Cooling Sys tem.  The condi t ioned  a i r  or  G N 2 ,  suppl ied  
by condi t ion ing  u n i t  " A l "  and c o n t r o l  u n i t  "B", flows i n t o  the  instrument 
u n i t  through Trans i t i on  Assembly A3251, Umbilical  Housing Assembly A3261, 
and Precool ing Check Valve Assembly G520. 
t r i b u t e d  through ducts  t o  a c e n t e r  tube and tube 111. (The cooled a i r  is  
prevented from en te r ing  the LN2 coo le r  assembly by c losed  B u t t e r f l y  Valve 
G542.) 
Valve G521, and i s  mixed wi th  ambient a i r  from tube I1 drawn i n t o  the  duct  
by Blower G522. 
platform.  Thermistors G534-2 and G534-3 t ransmi t  s i g n a l s  corresponding t o  
duc t  temperatures t o  Temperature Con t ro l l e r  G535. 
pos i t i ons  motor-operated B u t t e r f l y  Valve G521 accord ingly ,  maintaining the  
s t a b i l i z e d  platform a t  a cons t an t  temperature.  Blower G539 c i r c u l a t e s  a i r  
about the  guidance computer when the  computer i s  opera t ing .  
B u t t e r f l y  Valves G525 c o n t r o l  the  flow of coo l ing  a i r  i n t o  the  i n t e r s t a g e ,  
where i t  vents  t o  the atmosphere through four  vent  p o r t s .  Thermal Probe 
G537 provides a temperature measurement f o r  ground i n d i c a t i o n  and a i r  tempera- 
t u r e  r e g u l a t i o n .  A t  approximately T -150 seconds,  t h e  i n - f l i g h t  cool ing  

The condi t ion ing  medium i s  d i s -  

Cooled a i r  i s  routed through a duct  i n  tube I1 through B u t t e r f l y  

The a i r  i s  then d i s t r i b u t e d  around the  ST-124 s t a b i l i z e d  

The temperature c o n t r o l l e r  

Motor-operated 
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system command i s  given. Upon r e c e i p t  of t he  command s i g n a l ,  motor-operated 
B u t t e r f l y  Valves G525 begin t o  c lose .  The  two b u t t e r f l y  valves  r e q u i r e  about 
nine seconds t o  reach the  c losed  pos i t ion .  This  time i n t e r v a l  a l lows i n s t r u -  
ment u n i t  p ressure  t o  b u i l d  up t o  1 psig.  When the  B u t t e r f l y  Valves G525 
reach the  closed p o s i t i o n ,  motor-operated B u t t e r f l y  Valve G542 opens, t e r m i -  
n a t  i ng  pre  f 1 i g h t  cool ing  ope rat ions.  

7.5.2. I n - f l i g h t  Cooling System. The i n - f l i g h t  cool ing  system c o n s i s t s  
of LN2 Cooler Assembly G527, Blower G528, Ir is  Mixing Valve G526, Temperature 
Cont ro l  Assembly, and Thermistors  G533, G534-1. 

The LN2 coo le r  assembly i s  f i l l e d  and rep len ished  from 200-gallon 
S torage  Tank A418 on t h e  umbi l ica l  tower. The s to rage  tank i s  f i l l e d  p r i o r  
t o  countdown from a mobile t r a i l e r  by pumping LN2 through Coupling A419 and 
Manual Valves A421 and A400 i n t o  the tank. Manual Valve A408 provides vent-  
i n g  dur ing  f i l l i n g .  When the  tank is  f u l l ,  t hese  va lves  are closed.  

A t  approximately T -20 minutes, Solenoid Valves A3815 and A3816 a r e  
a c t u a t e d ,  a l lowing 750-psig GN2 t o  open normally c losed  LN2 F i l l  Valve A420. 
Some of t h e  LN2 vapor izes  i n  t h e  t r a n s f e r  l i n e  and vents  through Vent Por t  
Check Valve A3256. When the  t r a n s f e r  l i n e  has  become s u f f i c i e n t l y  c h i l l e d  
t o  permit t h e  passage of l i q u i d  n i t rogen ,  Thermistor A3262 ac tua te s  Solenoid 
Valves A3817 and A3818, a l lowing 750-psig GN2 t o  open LN2 F i l l  and Vent Valve 
A3255. Simultaneously t h e  s i g n a l  opens normally c losed  LN2 Cooler Vent Valve 
G530. The LN2 then flows through LN2 Tube A3260, through LN2 F i l l  Coupling 
Check Valve G520, and i n t o  LN2 Cooler Assembly G527. The cooler  tank is  
f i l l e d  u n t i l  Upper Level Sensors G540 are ac tua ted .  Actuat ion of t he  l e v e l  
s enso r s  deenergizes  Solenoid Valves A3816 and A3815, a l lowing 750-psig GN2 
t o  c l o s e  LN2 F i l l  Valve A420, and deenergizes LN2 Vent Valve G530. 
i s  rep len ished  i n  t h e  same manner when Lower Level  Sensor G540 senses  a low 
LN2 l e v e l  i n  the  coo le r  tank. Rel ie f  Valve G531 p r o t e c t s  t he  LN2 coo le r  
assembly . 

1 
I 
8 

1 
1 
I 

The sys t em 

When the  ground cool ing  system s t o p s ,  Blower G528 s ta r t s ,  c i r c u l a t i n g  
the  a i r  a s  i n  p r e f l i g h t  opera t ion  through the  instrument u n i t .  LN2 i n  t h e  
coo le r  assembly i s  vaporized by the c i r c u l a t i n g  a i r  and flows through Iris 
Mixing Valve G526 i n t o  the  d i s t r i b u t i o n  duc ts .  Thermistors G533 and G534-1 
sense  the  ambient temperature and s i g n a l  Temperature Cont ro l  Assembly G538 
t o  p o s i t i o n  Ir is  Mixing Valve G526 t o  inc rease  or  decrease the  amount of 
GN2 from the LN2 coo le r  assembly. Excessive pressure  caused by the  LN2 
vapor i za t ion  i s  r e l i e v e d  when Pressure Switch G532 a c t u a t e s ,  opening Sole-  
no id  Valve G536, which al lows the GN2 t o  vent  i n t o  the  i n t e r s t a g e  a rea .  
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